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APPARATUS AND METHOD FOR OPERATING A FUEL 
REFORMER SO AS TO PURGE SOOT THEREFROM 

CROSS REFERENCE TO RELATED APPLICATION 
5 Cross reference is made to copending U.S. patent application Serial 

No. XX/XXX,XXX (Attorney Docket No. 9501-71831, ArvinMeritor File No. 
03MRA0055) entitled "Method and Apparatus for Trapping and Purging Soot from a 
Fuel Reformer" which is filed concurrently herewith. 

1 0 FIELD OF THE DISCLOSURE 

The present disclosure relates generally to a control system for a fuel 
reformer, and more particularly to a control system for purging soot from a fuel 
reformer. 

1 5 BACKGROUND OF THE DISCLOSURE 

Fuel reformers reform hydrocarbon fuel into a reformate gas such as 
hydrogen-rich gas. In the case of an onboard fuel reformer of a vehicle or a stationary 
power generator, the reformate gas produced by the fuel reformer may be utilized as 
fuel or fuel additive in the operation of an internal combustion engine. The reformate 

20 gas may also be utilized to regenerate or otherwise condition an emission abatement 
device associated with an internal combustion engine or as a fuel for a fuel cell. 

SUMMARY OF THE DISCLOSURE 

According to an illustrative embodiment, a method of operating a fuel 
25 reformer is provided. The method includes advancing a first air/fiiel mixture having a 
first air-to-fuel ratio into the fuel reformer. The method also includes determining if a 
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soot purge is to be performed and generating a purge-soot signal in response thereto. 
The method further includes advancing a second air/fuel mixture having a second air- 
to-fuel ratio into the fuel reformer in response to the purge-soot signal. The second 
air-to-fuel ratio is greater than the first air-fuel-ratio ratio in order to purge soot 
5 particulates from within the fuel reformer. 

In one embodiment, the determining step includes sensing the amount 
of soot within the fuel reformer and generating a soot accumulation control signal 
when the amount of soot with the reformer reaches a predetermined accumulation 
level. The step of advancing the second mixture occurs in response to the generation 

10 of the soot accumulation control signal. 

In another embodiment, the determining step includes determining if a 
predetermined period of time has elapsed since the fuel reformer was last purged of 
soot, and generating a time-lapsed control signal in response thereto. The advancing 
the second air/fiiel mixture step, therefore, includes advancing the second air/fuel 

15 mixture in response to generation of the time-lapsed control signal. 

According to another illustrative embodiment, there is provided a fuel 
reformer assembly for producing a reformate gas. The fuel reformer assembly 
includes a fuel reformer having an air/fuel input assembly, and a reformer controller 
electrically coupled to the air/fuel input assembly. The reformer controller includes a 

20 processing unit and a memory unit electrically coupled to the processing unit. The 
memory unit has stored therein a plurality of instructions which, when executed by 
the processing unit, causes the processing unit to (i) operate the air/fuel input 
assembly so as to advance a first mixture with a first air-to-fuel ratio into the fuel 
reformer, (ii) determine if a soot purge is to be performed and generate a purge-soot 

25 signal in response thereto, and (iii) operate the air/fuel input assembly so as to 
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advance a second air/fuel mixture having a second air-to-fuel ratio greater than the 
first air-to-fuel ratio into the fuel reformer. 

The air/fuel input assembly includes a fuel injector and an electrically - 
operated air inlet valve. 
5 According to still another illustrative embodiment, there is provided a 

method of operating a fuel reformer including advancing air in the absence of fuel 
into a housing of the fuel reformer so as to combust soot present therein. 

The above and other features of the present disclosure will become 
apparent from the following description and the attached drawings. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram of a fuel reforming assembly 
having a fuel reformer under the control of an electronic control unit; 

FIG. 2 is a diagrammatic cross sectional view of a plasma fuel 
15 reformer which may be used in the construction of the fuel reforming assembly of 
FIG. 1; 

FIG. 3 is a flowchart of a control procedure executed by the control 
unit during operation of the fuel reforming assembly of FIG. 1 ; and 

FIG. 4 is a flowchart of an alternative control procedure which also 
20 may be executed by the control unit during operation of the fuel reforming assembly 
of FIG. 1. 

DETAILED DESCRIPTION OF THE DRAWINGS 

While the concepts of the present disclosure are susceptible to various 
25 modifications and alternative forms, specific exemplary embodiments thereof have 
been shown by way of example in the drawings and will herein be described in detail. 
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It should be understood, however, that there is no intent to limit the disclosure to the 
particular forms disclosed, but on the contrary, the intention is to cover all 
modifications, equivalents, and alternatives following within the spirit and scope of 
the invention as defined by the appended claims. 
5 Referring now to FIGS. 1 and 2, there is shown a fuel reforming 

assembly 10 having a fuel reformer 14 and a control unit 16. The fuel reformer 14 
includes an air/fuel input assembly 15 coupled to the control unit 16 for varying the 
amount of air and/or fuel injected into a housing of fuel reformer 14. The air/fuel 
input assembly 15 may be operated to purge the fuel reformer 14 of soot particulates 

10 which may accumulate therein, as is discussed in greater detail below. The fuel 
reformer 14 reforms (i.e., converts) hydrocarbon fuels into a reformate gas that 
includes, amongst other things, hydrogen gas. As such, the fuel reformer 14, amongst 
other uses, may be used in the construction of an onboard fuel reforming system for a 
vehicle of a stationary power generator. In such a way, the reformate gas produced by 

15 the fuel reformer 14 may be utilized as fuel or fuel additive in the operation of an 
internal combustion engine thereby increasing the efficiency of the engine while also 
reducing emissions produced by the engine. The reformate gas from the fuel reformer 
14 may also be utilized to regenerate or otherwise condition an emission abatement 
device associated with the internal combustion engine. In addition, if the vehicle or 

20 the stationary power generator is equipped with a fuel cell such as, for example, an 
auxiliary power unit (APU), the reformate gas from the fuel reformer 14 may also be 
used as a fuel for the fuel cell. 

The fuel reformer 14 may be embodied as any type of fuel reformer 
such as, for example, a catalytic fuel reformer, a thermal fuel reformer, a steam fuel 

25 reformer, or any other type of partial oxidation fuel reformer. The fuel reformer 14 
may also be embodied as a plasma fuel reformer 12. A plasma fuel reformer uses 
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plasma to convert a mixture of air and hydrocarbon fuel into a reformate gas which is 
rich in, amongst other things, hydrogen gas and carbon monoxide. Systems including 
plasma fuel reformers are disclosed in U.S. Patent No. 5,425,332 issued to 
Rabinovich et al.; U.S. Patent No. 5,437,250 issued to Rabinovich et al.; U.S. Patent 
5 No. 5,409,784 issued to Bromberg et al.; and U.S. Patent No. 5,887,554 issued to 
Cohn, et al., the disclosures of each of which are hereby incorporated by reference. 
Additional examples of systems including plasma fuel reformers are disclosed in 
copending U.S. Patent Application Serial No. 10/158,615 entitled "Low Current 
Plasmatron Fuel Converter Having Enlarged Volume Discharges" which was filed on 

10 May 30, 2002 by A. Rabinovich, N. Alexeev, L. Bromberg, D. Cohn, and A. 
Samokhin, along with copending U.S. Patent Application Serial No. 10/411,917 
entitled "Plasmatron Fuel Converter Having Decoupled Air Flow Control" which was 
filed on April 11, 2003 by A. Rabinovich, N. Alexeev, L. Bromberg, D. Cohn, and A. 
Samokhin, the disclosures of both of which are hereby incorporated by reference. 

15 For purposes of the following description, the concepts of the present 

disclosure will herein be described in regard to a plasma fuel reformer. However, as 
described above, the fuel reformer of the present disclosure may be embodied as any 
type of fuel reformer, and the claims attached hereto should not be interpreted to be 
limited to any particular type of fuel reformer unless expressly defined therein. 

20 As mentioned above, the plasma fuel reformer 12 reforms a mixture of 

air and hydrocarbon fuel into a reformate gas. A byproduct of this process is the 
formation of soot particulates (or simply "soot"). These soot particulates may 
accumulate within the plasma fuel reformer 12. Therefore, it may become desirable 
to purge the fuel reformer 12 of the soot particulates. As is discussed in greater detail 

25 below, fuel reformer assembly 10 operates to increase an air-to-fuel ratio of an air/fuel 
mixture being processed by the plasma fuel reformer 12 to cause the plasma reformer 
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12 to burn the soot particulates from the reformer 12. The air-to-fuel ratio may be 
adjusted in various ways in response to various signals. 

As shown in FIG. 2, the plasma fuel reformer 12 includes air/fuel input 
assembly 15, a plasma-generating assembly 42, and a reactor 44. Air/fuel input 
5 assembly 15 is secured to plasma-generating assembly 42 and includes a fuel injector 
38 and an air inlet valve 40, each of which is electrically coupled to control unit 16, as 
is described in more detail below. The reactor 44 includes a reactor housing 48 
having a reaction chamber 50 defined therein. The plasma-generating assembly 42 is 
secured to an upper portion of the reactor housing 48. The plasma-generating 

10 assembly 42 includes an upper electrode 54 and a lower electrode 56. The electrodes 
54, 56 are spaced apart from one another so as to define an electrode gap 58 
therebetween. An insulator 60 electrically insulates the electrodes from one another. 

The electrodes 54, 56 are electrically coupled to an electrical power 
supply 36 (see FIG. 1) such that, when energized, a plasma arc 62 is created across 

15 the electrode gap 58 (i.e., between the electrodes 54, 56). Fuel injector 38 injects a 
hydrocarbon fuel 64 into the plasma arc 62. The fuel injector 38 may be any type of 
fuel injection mechanism which injects a desired amount of fuel into plasma- 
generating assembly 42. In certain configurations, it may be desirable to atomize the 
fuel prior to, or during, injection of the fuel into the plasma-generating assembly 42. 

20 Such fuel injector assemblies (i.e., injectors which atomize the fuel) are commercially 
available. 

The lower electrode 56 extends downwardly into the reactor housing 
48. As such, gas (either reformed or partially reformed) exiting the plasma arc 62 is 
advanced into the reaction chamber 50. One or more catalysts 78 may be positioned 
25 in reaction chamber 50. The catalysts 78 complete the fuel reforming process, or 
otherwise treat the gas, prior to exit of the reformate gas through a gas outlet 76. It is 
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within the scope of this disclosure to embody the plasma fuel reformer 12 without a 
catalyst positioned in the reaction chamber 50. 

As shown one exemplary embodiment in FIG. 2, the plasma fuel 
reformer 12 has a soot sensor 34 associated therewith. The soot sensor 34 is used to 
5 determine the amount of soot particulates which have accumulated within the reaction 
chamber 50. Particulate soot is a byproduct of the fuel reforming process. Such soot 
particulates are highly conductive. Therefore, the soot sensor 34 operates to indirectly 
measure the amount of soot particulates present by sensing changes in electrical 
conductivity as soot accumulates on the sensor 34. Sensor 34 may sense conductivity, 
10 for example, by measuring the resistance across two points of the sensor 34. As soot 
accumulates on the sensor 34, the resistance between the two points decreases. In 
other words, the conductivity across the sensor 34 rises as the amount of soot 
particulates increase. 

The soot sensor 34 may be located in any number of locations so as to 
15 effectively measure the amount of soot particulate accumulation within fuel reformer 
12. In particular, as shown in solid lines, the soot sensor 34 may be positioned within 
the reaction chamber 50 to sense the amount of soot accumulated therein. 
Alternatively, as shown in phantom, the soot sensor may be positioned so as to sense 
the amount of soot accumulated within a gas conduit 80 for carrying the reformate gas 
20 therethrough subsequent to being exhausted through the outlet 76. 

It should also be appreciated that the amount of soot present within 
chamber 50 or conduit 80 may also be determined by placing a pressure sensor (not 
shown) on each side of a substrate in the assembly 10, such as on a filter or catalyst 
78, for example, to sense or measure the pressure on each side of the substrate and 
25 thus determine the pressure difference between the two sensors. The pressure 
difference between the two sensors is indicative of the amount of soot which has 
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accumulated on the substrate. Therefore, as the soot particulates increase, the 
pressure difference between the two sensors increases as well. Once the pressure 
difference between the two sensors reaches a certain predetermined level, for 
example, the system 10 may be signaled to purge the soot particulates, as is discussed 
5 in more detail below. 

Hence, it should be appreciated that the herein described concepts are 
not intended to be limited to any particular method or device for determining the 
amount of soot particulates which accumulate in the plasma fuel reformer 12. In 
particular, the amount of accumulated soot may be determined by use of any type of 

10 sensor located in any sensor location and utilizing any methodology for obtaining the 
amount of soot accumulated within plasma fuel reformer 12. 

As shown in FIG. 2, the plasma-generating assembly 42 has an annular 
air chamber 72 for receiving pressurized air therein. Pressurized air is advanced into 
the air chamber 72 through an air inlet 74 and is thereafter directed radially inwardly 

15 through the electrode gap 58 so as to "bend" the plasma arc 62 inwardly. Such 
bending of the plasma arc 62 ensures that the injected fuel 64 is directed through the 
plasma arc 62. Such bending of the plasma arc 62 also reduces erosion of the 
electrodes 56, 58. 

Moreover, advancement of air into the electrode gap 58 also produces 
20 a desired mixture of air and fuel ("air/fuel mixture") to create a certain air-to-fuel 
ratio. In particular, the plasma reformer 12 reforms or otherwise processes the fuel in 
the form of a mixture of air and fuel. As is defined in this specification, the term 
"air/fuel mixture" is defined to mean a mixture of any amount of air and any amount 
of fuel including a "mixture" of only air or a "mixture" of only fuel. For example, as 
25 used herein, the term "air/fuel mixture" may be used to describe an amount of air that 
is devoid of fuel. Moreover, the term "air-to-fuel ratio" is intended to mean the 
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relation between the air component and the fuel component of such air/fuel mixtures 
including air/fuel mixtures which are devoid of one component or the other. For 
example, as used herein, the term "air-to-fuel ratio" may be used to describe an 
air/fuel mixture which is devoid of fuel even though the quantity of one component 
5 (i.e., the fuel component) is zero. 

The air-to-fuel ratio of the air/fuel mixture being processed by the 
plasma reformer 12 may be varied by increasing or decreasing the amount of fuel 
entering the plasma reformer 12 through fuel injector 38 or by increasing or 
decreasing the amount of air entering the plasma reformer 12 through air inlet valve 

10 40 associated therewith. The air inlet valve 40 may be embodied as any type of 
electronically controlled air valve. The air inlet valve 40 may be embodied as a 
discrete device, as shown in FIG. 2, or may be integrated into the design of the plasma 
fuel reformer 12. In either case, the air inlet valve 40 controls the amount of air that is 
introduced into the plasma- generating assembly 42 of plasma reformer 12. 

15 As mentioned above, plasma fuel reformer 12 also includes fuel 

injector 38. Fuel injector 38 and air inlet valve 40 cooperate to form air/fuel input 
assembly 15 for controlling the air-to-fuel ratio of the air/fuel mixture being processed 
by the plasma reformer 12. Operation of either the fuel injector 38, or the air inlet 
valve 40, or both may be used to control the air-to-fuel ratio of the mixture being 

20 processed in the plasma fuel reformer 12. In particular, by positioning the air inlet 
valve 40 so as to increase the flow of air therethrough, the air-to-fuel ratio of the 
air/fuel mixture being processed by the fuel reformer 12 may be increased. 
Conversely, by positioning the air inlet valve 40 so as to decrease the flow of air 
therethrough, the air-to-fuel ratio of the air/fuel mixture may be decreased. As will be 

25 described in greater detail below, increasing the air-to-fuel ratio increases the amount 
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of oxygen present within the plasma reformer 12 thereby allowing for the igniting and 
burning of any soot particulates which are present or may have accumulated therein. 

As mentioned above, the air-to-fuel ratio of the air/fuel mixture can 
also be varied by controlling the amount of fuel (via fuel injector 38) that is 
5 introduced into the plasma-generating assembly 42. For example, decreasing the 
amount of fuel entering plasma-generating assembly 42 also increases the air-to-fuel 
ratio. 

As mentioned above and shown in FIG. 1, the plasma fuel reformer 12 
and its associated components are under the control of control unit 16. In particular, 

10 the soot sensor 34 is electrically coupled to the electronic control unit 16 via a signal 
line 18, the fuel injector 38 is electrically coupled to the electronic control unit 16 via 
a signal line 20, the air inlet valve 40 is electrically coupled to the electronic control 
unit 16 via a signal line 22, and the power supply 36 is electrically coupled to the 
electronic control unit 16 via a signal line 24. Although the signal lines 18, 20, 22, 24 

15 are shown schematically as a single line, it should be appreciated that the signal lines 
may be configured as any type of signal carrying assembly which allows for the 
transmission of electrical signals in either one or both directions between the 
electronic control unit 16 and the corresponding component. For example, any one or 
more of the signal lines 18, 20, 22, 24 may be embodied as a wiring harness having a 

20 number of signal lines which transmit electrical signals between the electronic control 
unit 16 and the corresponding component. It should be appreciated that any number 
of other wiring configurations may also be used. For example, individual signal wires 
may be used, or a system utilizing a signal multiplexer may be used for the design of 
any one or more of the signal lines 18, 20, 22, 24. Moreover, the signal lines 18, 20, 

25 22, 24 may be integrated such that a single harness or system is utilized to electrically 
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couple some or all of the components associated with the plasma fuel reformer 12 to 
the electronic control unit 16. 

The electronic control unit 16 is, in essence, the master computer 
responsible for interpreting electrical signals sent by sensors associated with the 
5 plasma fuel reformer 12 and for activating electronically-controlled components 
associated with the plasma fuel reformer 12 in order to control the plasma fuel 
reformer 12. For example, the electronic control unit 16 of the present disclosure is 
operable to, amongst many other things, determine the beginning and end of each 
injection cycle of fuel into the plasma-generating assembly 42, calculate and control 

10 the amount and ratio of air and fuel to be introduced into the plasma-generating 
assembly 42, determine the amount of soot accumulated within the plasma reformer 
12, and determine the power level to supply to the plasma fuel reformer 12. 

To do so, the electronic control unit 16 includes a number of electronic 
components commonly associated with electronic units which are utilized in the 

15 control of electromechanical systems. For example, the electronic control unit 16 
may include, amongst other components customarily included in such devices, a 
processor such as a microprocessor 28 and a memory device 30 such as a 
programmable read-only memory device ("PROM") including erasable PROM's 
(EPROM's or EEPROM's). The memory device 30 is provided to store, amongst 

20 other things, instructions in the form of, for example, a software routine (or routines) 
which, when executed by the processing unit, allows the electronic control unit 16 to 
control operation of the plasma fuel reformer 12. 

The electronic control unit 16 also includes an analog interface circuit 
32. The analog interface circuit 32 converts the output signals from the various fuel 

25 reformer sensors (e.g., the soot sensor 34) into a signal which is suitable for 
presentation to an input of the microprocessor 28. In particular, the analog interface 
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circuit 32, by use of an analog-to-digital (A/D) converter (not shown) or the like, 
converts the analog signals generated by the sensors into a digital signal for use by the 
microprocessor 28. It should be appreciated that the A/D converter may be embodied 
as a discrete device or number of devices, or may be integrated into the 
5 microprocessor 28. It should also be appreciated that if any one or more of the 
sensors associated with the fuel reformer 14 generate a digital output signal, the 
analog interface circuit 32 may be bypassed. 

Similarly, the analog interface circuit 32 converts signals from the 
microprocessor 28 into an output signal which is suitable for presentation to the 

10 electrically-controlled components associated with the plasma fuel reformer 12 (e.g., 
the fuel injector 38, the air inlet valve 40, or the power supply 36). In particular, the 
analog interface circuit 32, by use of a digital-to-analog (D/A) converter (not shown) 
or the like, converts the digital signals generated by the microprocessor 28 into analog 
signals for use by the electronically-controlled components associated with the fuel 

15 reformer 12 such as the fuel injector 38, the air inlet valve 40, or the power supply 36. 
It should be appreciated that, similar to the A/D converter described above, the D/A 
converter may be embodied as a discrete device or number of devices, or may be 
integrated into the microprocessor 28. It should also be appreciated that if any one or 
more of the electronically-controlled components associated with the plasma fuel 

20 reformer 12 operate on a digital input signal, the analog interface circuit 32 may be 
bypassed. 

Hence, the electronic control unit 16 may be operated to control 
operation of the plasma fuel reformer 12. In particular, the electronic control unit 16 
executes a routine including, amongst other things, a closed-loop control scheme in 
25 which the electronic control unit 16 monitors outputs of the sensors associated with 
the plasma fuel reformer 12 in order to control the inputs to the electronically- 
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controlled components associated therewith. To do so, the electronic control unit 16 
communicates with the sensors associated with the fuel reformer in order to 
determine, amongst numerous other things, the amount and/or pressure of air and/or 
fuel being supplied to the plasma fuel reformer 12, the amount of oxygen in the 
5 reformate gas, the amount of soot accumulated within the plasma reformer 12, and the 
composition of the reformate gas. Armed with this data, the electronic control unit 16 
performs numerous calculations each second, including looking up values in 
preprogrammed tables, in order to execute algorithms to perform such functions as 
determining when to purge the soot accumulated in the fuel reformer, determining 

10 when or how long the fuel reformer's fuel injector or other fuel input device is 
opened, controlling the power level input to the fuel reformer, controlling the amount 
of air advanced through air inlet valve, etcetera. 

In an exemplary embodiment, the aforedescribed control scheme 
includes a routine for purging the accumulated soot from the reaction chamber 50 of 

15 the plasma fuel reformer 12. One way to purge the accumulated soot particulates is 
by combusting or otherwise oxidizing the accumulated soot by introducing oxygen 
into the reaction chamber 50. In particular, despite the relatively high temperatures 
(e.g., 800°C-1200°C) present in the reaction chamber 50 during operation of the 
plasma fuel reformer 12, the reaction chamber 50 is substantially devoid of oxygen. 

20 As such, despite the presence of significant amounts of heat, soot particulates 
accumulated in the reaction chamber 50 are not oxidized (i.e., burned) during 
performance of the fuel reforming process since sufficient amounts of oxygen are not 
present. However, once oxygen is introduced into the reaction chamber 50, the soot 
particulates readily oxidize (i.e., burn). Hence, the control scheme of the present 

25 disclosure includes a routine for selectively introducing oxygen into the plasma fuel 
reformer 12 thereby temporarily increasing the oxygen concentration in the reaction 
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chamber 50 so as to oxidize the soot particulates accumulated therein. The duration 
of such a pulse of oxygen may be configured to ensure that all (or substantially all) of 
the accumulated soot particulates have been purged, after which time fuel may be 
reintroduced into plasma fuel reformer in order to resume the fuel reforming process. 
5 In order to provide for such selective introduction of oxygen into the 

plasma fuel reformer 12, the control scheme of the present disclosure includes a 
routine for selectively increasing the air-to-fuel ratio of the air/fuel mixture being 
processed by the plasma fuel reformer 12. In particular, during the fuel reforming 
process, the plasma fuel reformer 12 processes an air/fuel mixture having an air-to- 

10 fuel ratio which coincides with a desired oxygen-to-carbon (O/C) ratio. This oxygen- 
to-carbon ratio may be, for example, 1.0 - 1.6. However, as mentioned above, soot 
particulates may accumulate within plasma fuel reformer 12 under such operating 
conditions. In order to purge the soot particulates from plasma fuel reformer 12, the 
air-to-fuel ratio of the air/fuel mixture supplied to plasma fuel reformer 12 is 

15 increased by an amount sufficient to oxidize (i.e., ignite and burn) the soot. In 
particular, the control routine executed by the control unit 16 includes a scheme for 
temporarily increasing the air-to-fuel ratio of the air/fuel mixture processed by the 
plasma fuel reformer 12. 

In general, therefore, an air/fuel mixture having a desired amount of 

20 both air and fuel is advanced into the plasma fuel reformer 12 during normal 
operating conditions (i.e. during performance of the fuel reforming process). During 
such operation, the control unit 16 determines whether a soot purge is to be 
performed. If control unit 16 does, in fact, determine that a soot purge is to be 
performed, control unit 16 communicates with the air/fuel input assemlby 15 so as to 

25 cause a second air/fuel mixture that is devoid (or substantially devoid) of fuel to be 
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advanced into the plasma fuel reformer 12 thereby purging (e.g. oxidizing) soot 
therein. 

One exemplary way to determine whether a soot purge is to be 
performed is by monitoring the amount of soot particulates accumulating within the 
5 plasma fuel reformer 12 through the use of soot sensor 34 described above. Soot 
sensor 34 generates an output signal indicative of the amount of soot within the 
reformer. The control unit 16 monitors the output of the soot sensor 34 to determine 
when the amount of soot accumulated in the reformer reaches a predetermined 
accumulation level or "set point" amount of soot (S). If the sensed amount of soot 

10 exceeds the set point amount of soot (S), the control unit 16 causes the air-to-fuel ratio 
of the air/fuel mixture to increase by increasing the flow of air through valve 40 
and/or by decreasing the amount of fuel to enter plasma-generating assembly 42 
through fuel injector 38. In other words, in response to the output from the soot 
sensor 34, an air/fuel mixture having an air-to-fuel ratio larger than the air-to-fuel 

15 ratio of the air/fuel mixture utilized in the reforming process is advanced into plasma 
reformer 12 to purge the soot therein. In an exemplary embodiment, the air/fuel 
mixture introduced into the plasma fuel reformer 12 to purge soot is devoid (or 
substantially devoid) of fuel. 

In order to produce such an air/fuel mixture (i.e., a mixture that is 

20 devoid or substantially devoid of fuel) the fuel injector 38 may be "shut off to 
prevent any fuel from entering plasma-generating assembly 42. In such a situation, a 
pulse of air only is injected into the assembly 42 to ignite and burn any accumulated 
soot particles. The exemplary duration of such a pulse of air is relatively short, such 
as approximately 2-30 seconds, for example. In other words, the increased air-to-fiiel 

25 ratio is maintained only long enough to sufficiently burn the accumulated soot 
particulates. It is within the scope of this disclosure, however, for fuel reformer 14 to 
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process the air/fuel mixture having an increased air-to-fiiel ratio for longer or shorter 
periods of time if desired. Once the soot particulates have been sufficiently purged, 
an air/fuel mixture having a desired air-to-fuel ratio for performance of the fuel 
reforming process is reintroduced into the plasma fuel reformer 12. 
5 Referring now to FIG. 3, there is shown a control routine 100 for 

purging soot from the plasma fuel reformer 12 during operation thereof. As shown in 
FIG. 3, the routine 100 begins with step 101 in which the plasma fuel reformer 12 is 
being operated under the control of the electronic control unit 16 so as to produce 
reformate gas which may be supplied to, for example, the intake of an internal 

10 combustion engine (not shown), and emission abatement device (not shown), or a fuel 
cell (not shown). During such operation of the plasma fuel reformer 12, the electronic 
control unit 16, at step 102, determines the amount of soot particulates which are 
present or have accumulated within the fuel reformer 12 (Sa). In particular, the 
control unit 16 scans or otherwise reads the signal line 18 in order to monitor output 

15 from the soot sensor 34. The output signals produced by the soot sensor 34 are 
indicative of the amount of soot (S A ) within plasma reformer 12. Once the control 
unit 16 has determined the amount of accumulated soot (S A ) within plasma reformer 
12, the control routine 100 advances to step 104. 

In step 104, the control unit 16 compares the sensed amount of soot 

20 (S A ) within the plasma reformer 12 to a set point soot accumulation value (S). In 
particular, as described herein, a predetermined soot accumulation value, or set point, 
may be established which corresponds to a particular amount of soot particulate 
accumulation within plasma reformer 12. As such, in step 104, the control unit 16 
compares the actual soot accumulation (S A ) within the plasma reformer 12 to the set 

25 point soot accumulation value (S). If the soot accumulation (S A ) within the plasma 
reformer 12 is less than the set point soot content (S), the control routine 100 loops 
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back to step 101 to continue monitoring the output from the soot sensor 34. However, 
if the soot accumulation (S A ) within plasma reformer 12 is equal to or greater than the 
set point soot accumulation value (S), a control signal is generated, and the control 
routine 100 advances to step 106. 
5 In step 106, the amount of oxygen in the reaction chamber 50 is 

increased. To do so, the control unit 16 increases the air-to-fuel ratio of the air/fuel 
mixture being processed by the plasma fuel reformer 12. As mentioned above, this 
may be accomplished by either adjusting fuel flow (as controlled by the fuel injector 
38) or by adjusting the air flow (as controlled by the air inlet valve 40), or both. In 
10 particular, the control unit 16 may generate a control signal on the signal line 20 
thereby adjusting the amount of fixel that fuel injector 38 injects into plasma- 
generating assembly 42 and/or control unit 16 may generate a control signal on the 
signal line 22 thereby adjusting the position of the inlet air valve 40 to increase the 
amount of air flowing into assembly 42. In the exemplary embodiment described 
15 herein, control unit 16 communicates with the air inlet valve 40 and the fuel injector 
38 to introduce an air/fuel mixture that is devoid (or substantially devoid) of fuel into 
the plasma fuel reformer 12. To do so, the control unit 16 ceases operation of the fuel 
injector 38 thereby preventing additional fuel from being introduced into the plasma 
reformer 12. Contemporaneously, the control unit 16 operates the air inlet valve 40 so 
20 as to introduce a desired amount of air into the plasma fuel reformer 12. As a result, 
oxygen is introduced into the reaction chamber 50 thereby facilitating oxidation (i.e., 
burning) of the soot particulates accumulated therein. 

Next, the control routine 100 advances to step 108. In step 108, the 
control unit 16 readjusts the fuel flow and/or the air flow so that an air/fuel mixture 
25 having a desired air-to-fuel ratio for performance of the fuel reforming process is 
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reintroduced into the plasma fiiel reformer 12. Thereafter, the control routine loops 
back to step 102 to continue monitoring the output from the soot sensor 34. 

In another illustrative control scheme, the soot particulates 
accumulated within fuel reformer 14 are regularly purged at predetermined time 
5 intervals, as opposed to by use of the soot sensor 34. In such a scheme, therefore, a 
soot sensor is not necessary, although one may be included, if desired. Referring now 
to FIG. 4, for example, an alternative control routine 200 for operation of control unit 
16 to purge soot particulates from plasma reformer 12 at predetermined intervals is 
shown. Similar to control routine 100, control routine 200 selectively purges soot by 

10 control of the air-to-fuel ratio of the air/fuel mixtures being processed by the plasma 
fuel reformer 12 during operation thereof. However, as discussed below, control 
routine 200 operates to increase the air-to-fuel ratio to purge the soot accumulated 
within plasma reformer 12 at predetermined time intervals, rather than in response to 
output from a soot sensor. 

15 As shown in FIG. 4, routine 200 begins with step 201 in which the 

plasma fuel reformer 12 is being operated under the control of the electronic control 
unit 16 so as to produce reformate gas which may be supplied to, for example, the 
intake of an internal combustion engine (not shown), and emission abatement device 
(not shown), or a fuel cell (not shown). During such operation of the plasma fuel 

20 reformer 12, the electronic control unit 16, at step 202 determines the time which has 
lapsed (T L ) since soot was last purged from the plasma reformer 12. Once the control 
unit 16 has determined the time which has lapsed (T L ) the control routine 200 
advances to step 204. In step 204, the control unit 16 compares the time which has 
lapsed (T L ) to a set point time period (T). In particular, as described herein, a 

25 predetermined time period between soot-purging cycles (T) may be established as 
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desired. In the exemplary embodiment described herein, for example, set point time 
period (T) is between approximately 8-10 hours of operation. 

If the amount of time that has lapsed (T L ) since the last purge cycle is 
less than the set point time period (T), the control routine 200 loops back to step 201 
5 to continue operation of the plasma fuel reformer 12. However, if the amount of time 
that has lapsed since the last purge cycle (T L ) is greater than or equal to the set point 
time period (T), the control routine 200 generates a control signal and then advances 
to step 206. It is within the scope of this disclosure for control unit 16 to determine 
the amount of time which has lapsed since the last purge cycle as measured from any 

10 step or reference point within control routine 200. For example, the amount of lapsed 
time may be the time which has lapsed since the air-to-fuel ratio was increased or 
from when it was returned to its pre-purge cycle level. 

In step 206, the amount of oxygen in the reaction chamber 50 is 
increased. To do so, the control unit 16 increases the air-to-fuel ratio of the air/fuel 

15 mixture being processed by the plasma fuel reformer 12. As mentioned above, 
control unit 16 may generate a control signal on the signal line 20 to adjust the 
amount of fuel that fuel injector 38 injects into plasma-generating assembly 42 and/or 
control unit 16 may generate a control signal on the signal line 22 thereby adjusting 
the position of the inlet air valve to increase the amount of air flowing into assembly 

20 42. In the exemplary embodiment described herein, control unit 16 communicates 
with the air inlet valve 40 and the fuel injector 38 to introduce an air/furl mixture that 
is devoid (or substantially devoid) of fuel into the plasma fuel reformer 12. To do so, 
the control unit 16 ceases operation of the fuel injector 38 thereby preventing 
additional fuel from being introduced into the reformer 12. Contemporaneously, the 

25 control unit 16 operates the air inlet valve 40 so as to introduce a desired amount of 
air into the plasma fuel reformer 12. As a result, oxygen is introduced into the 
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reaction chamber 50 thereby facilitating oxidation (i.e., burning) of the soot 
particulates accumulated therein. 

Next, the control routine 200 advances to step 208 where the control 
unit 16 readjusts the fuel flow and/or the air flow so that an air/fuel mixture having a 
5 desired air-to-fuel ratio for performance of the fuel reforming process is reintroduced 
into the plasma fuel reformer 12. Thereafter, the control routine 200 loops back to 
step 201 to continue monitoring the time lapsed (Tl) since the last soot purge cycle. 

In yet another control scheme, the control unit 16 increases the air-to- 
fuel ratio to purge the soot particulates from plasma reformer 12 during shutdown of 

10 the plasma fuel reformer 12. In particular, upon detection of a request to shut down 
the plasma reformer 12, control unit 16 operates to increase the air-to-fuel ratio in 
response thereto for a sufficient time to purge the soot particulates from within the 
plasma reformer 12. Thereafter, the plasma reformer 12 is shut down and ceases to 
operate. In other words, soot is purged from the plasma reformer 12 when the fuel 

15 reformer 12 is shut down. Such shutdown may also be linked to a shut down of the 
system in which the plasma fuel reformer 12 is utilized. For example, if the plasma 
fuel reformer 12 is part of an engine system, the purge cycle may be triggered by 
shutdown of the engine. 

In still another illustrative control scheme, the control unit 16 increases 

20 the air-to-fuel ratio to purge the soot particulates from plasma reformer 12 during high 
engine load conditions such as during vehicle acceleration. In particular, in certain 
vehicle or power generator system designs, the plasma fuel reformer 12 may not be 
operated during high engine load conditions. Therefore, a soot-purging cycle during 
high engine load conditions would not disrupt the normal operations of the plasma 

25 fuel reformer 12. To detect such high load conditions, control signals from various 
engine components are monitored by control unit 16. Upon detection of a high load 
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condition, control unit 16 initiates the soot-purging cycle by increasing the air-to-fuel 
ratio of the air/fuel mixture processed by plasma fuel reformer 12 in any manner 
discussed above. 

As described above, control unit 16 increases the air-to-fuel ratio of the 
air/fuel mixture processed by plasma fuel reformer 12 in response to various signals 
and/or events, such as output from a soot sensor, predetermined time intervals, during 
a shutdown sequence, or at high load engine conditions, for example. However, it is 
within the scope of this disclosure for control unit 16 to increase the air-to-fuel ratio 
in response to various other signals and/or conditions in order to purge soot 
particulate accumulations from within plasma fuel reformer 12. 

While the concepts of the present disclosure have been illustrated and 
described in detail in the drawings and foregoing description, such an illustration and 
description is to be considered as exemplary and not restrictive in character, it being 
understood that only the illustrative embodiments have been shown and described and 
that all changes and modifications that come within the spirit of the disclosure are 
desired to be protected. 

There are a plurality of advantages of the concepts of the present 
disclosure arising from the various features of the systems described herein. It will be 
noted that alternative embodiments of each of the systems of the present disclosure 
may not include all of the features described yet still benefit from at least some of the 
advantages of such features. Those of ordinary skill in the art may readily devise their 
own implementations of a system that incorporate one or more of the features of the 
present disclosure and fall within the spirit and scope of the invention as defined by 
the appended claims. 

For example, the air-to-fiiel ratio of the air/fuel mixture processed by 
the plasma fuel reformer 12 during performance of the fuel reforming process may be 
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adjusted based on soot accumulation. In particular, as described herein, a first or 
primary air/fuel mixture is processed by the plasma fuel reformer to produce 
reformate gas with a second air/fuel mixture (e.g., a pulse of air which is devoid of 
fuel) being introduced into the fuel reformer when it is deemed necessary to purge the 
5 reformer of soot. In practice, the introduction of the primary air/fuel mixture is 
dynamic in nature with the air-to-fuel ratio thereof being dynamically adjusted within 
a predetermined range. A number of variables may be used to create a closed loop 
feedback mechanism which allows for such adjustment of the primary air/fuel ratio 
based on a wide variety factors. One such variable which may be used in the creation 

10 of such a closed loop feedback mechanism is soot accumulation within the plasma 
fuel reformer 12. In particular, the soot accumulation level within the reformer may 
be sensed or otherwise determined by use of the concepts described herein with the 
results of which being utilized as part of the closed loop feedback mechanism being 
employed by the reformer to control the primary air/fuel mixture during reformate gas 

15 production. In one exemplary implementation of this concept, the air-to-fuel ratio of 
the primary air/fuel mixture may be controlled by monitoring the rate of soot 
production by the plasma fuel reformer 12. 

As a further example, it should be appreciated that it may be desirable 
to momentarily de-actuate (i.e., turn off) the plasma-generating assembly 42 such that 

20 the plasma arc 62 is not generated during introduction of an air/fuel mixture which is 
devoid or substantially devoid of fuel (i.e., during the purging of soot from the 
reformer). By doing so, the formation of certain undesirable species (e.g., NOx) may 
be avoided by preventing the plasma arc 62 from interacting with the injected air. In 
such a case, the control routines described herein may be modified to de-actuate the 

25 plasma-generating assembly during purging of soot from the reformer 12, and then re- 
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actuate the plasma-generating assembly when the reformer 12 resumes the fuel 
reforming process. 



